The concentration of greenhouse gases, including nitrous oxide (N 2 O), methane (CH 4 ), and compounds such as total dimethylsulfoniopropionate (DMSP t ), along with other oceanographic variables were measured in the icecovered Arctic Ocean within the Eurasian Basin (EAB). The EAB is affected by the perennial ice-pack and has seasonal microalgal blooms, which in turn may stimulate microbes involved in trace gas cycling. Data collection was carried out on board the LOMROG III cruise during the boreal summer of 2012. Water samples were collected from the surface to the bottom layer (reaching 4300 m depth) along a South-North transect (SNT), from 82.19°N, 8.75°E to 89.26°N, 58.84°W, crossing the EAB through the Nansen and Amundsen Basins. The Polar Mixed Layer and halocline waters along the SNT showed a heterogeneous distribution of N 2 O, CH 4 and DMSP t , fluctuating between 42-111 and 27-649% saturation for N 2 O and CH 4, respectively; and from 3.5 to 58.9 nmol L −1 for DMSP t . Spatial patterns revealed that while CH 4 and DMSP t peaked in the Nansen Basin, N 2 O was higher in the Amundsen Basin. In the Atlantic Intermediate Water and Arctic Deep Water N 2 O and CH 4 distributions were also heterogeneous with saturations between 52% and 106% and 28% and 340%, respectively. Remarkably, the Amundsen Basin contained less CH 4 than the Nansen Basin and while both basins were mostly under-saturated in N 2 O. We propose that part of the CH 4 and N 2 O may be microbiologically consumed via methanotrophy, denitrification, or even diazotrophy, as intermediate and deep waters move throughout EAB associated with the overturning water mass circulation. This study contributes to baseline information on gas distribution in a region that is increasingly subject to rapid environmental changes, and that has an important role on global ocean circulation and climate regulation.
Introduction
The extent of Arctic Ocean sea ice cover has declined since 1970, with the largest decrease reported during boreal summer months, particularly in September (Serreze et al., 2007; Serreze and Stroeve, 2015) . Increased summer melting has been found to amplify biological production due to the shift from an ice-covered area to an open water surface (Arrigo et al., 2008) . Ice melt also impacts microbial activity, having a profound effect on brine and the chemistry of surrounding waters, including gaseous compounds (Gleitz et al., 1995) . The Arctic Ocean has significantly different oceanographic features from those in the adjacent North Atlantic and Pacific Oceans. The water masses in the Arctic Ocean have specific physical and biological signals due to the interaction of freezing and melting processes in the water column, river run-off onto the continental shelves surrounding the Arctic Basin, and advection into the Arctic Ocean (Rudels et al., 1996) . In the surface layer, the most prominent feature is the presence of perennial sea ice, which varies seasonally in thickness and coverage, changing from 6×10 6 km 2 in the summer to 15×10 6 km 2 in the winter (Comiso, 2010) .
The sea ice cap seasonally modifies surface temperature and salinity according to sea ice freezing and melting cycles (Rudels et al., 1991) . The sea ice pack also reduces light penetration and gas exchange between the surface ocean and the atmosphere, and inhibits the ventilation and mixing effect of wind on surface waters. All these processes are crucial when analyzing the gas content of surface waters, such as nitrous oxide (N 2 O) and methane (CH 4 ). These biogenic trace gases contribute about 6.2% and 16% to the global greenhouse effect, respectively, also on a per molecule basis they are approximately 300 and 25 times more effective, respectively, at trapping heat than carbon dioxide (CO 2 ) (IPCC, 2014) . N 2 O also contributes to the depletion of the stratospheric ozone through photochemical reactions (Crutzen, 1991) . The dissolved gas contents depend on physical and microbiological processes. During the autumn-winter period of sea ice formation, gases are expelled from the sea ice and transported to the deeper layer or vented to the atmosphere; during spring-summer, melting ice dilutes the gas content of seawater, and may produce under-saturated conditions in the surrounding waters (Anderson et al., 2004; Kitidis et al., 2010) . Therefore, surface water can behave as a source or a sink of gases. Although the exact magnitude of this role is not yet fully understood, experimental efforts have been made to understand the gas transport between sea ice and sea waters in the Arctic Ocean (Loose et al., 2009) . N 2 O and CH 4 play an important role in the nitrogen (N) and carbon (C) biogeochemical cycles, involved in autotrophic and heterotrophic processes (e.g., nitrification, denitrification, diazotrophy, methanotrophy and methanogenesis), which lead to their production and consumption. N 2 O is mainly produced by nitrification through aerobic NH 4 + oxidation to NO 3 -or nitrifier denitrification, the pathway through which NH 4 + is oxidized to NO 2 -following its reduction to N 2 O under oxic and also microaerophilic conditions (Wrage et al., 2001) . Conversely, partial denitrification via the anaerobic reduction of NO 2 -to N 2 O can produce N 2 O under suboxic conditions (Codispoti and Christensen, 1985; Elkins et al., 1978) whereas the complete reduction of N-oxide to N 2 (total denitrification) is the only reaction able to consume N 2 O (Elkins et al., 1978) under suboxic/anoxic conditions. The assimilative reduction of N 2 O to NH 4 + , or N 2 O fixation, may be responsible for a certain amount of consumption, as observed in the subtropical and cold upwelled waters of the Eastern South Pacific Cornejo et al., 2015) . Assimilative N 2 O reduction to particulate organic nitrogen (PON) can be carried out by diazotrophic organisms through the activity of their nitrogenase enzyme, since nifH genes (which encodes the iron protein of the nitrogenase enzyme complex essential for biological N 2 fixation, Herrero et al., 2001; Latysheva et al., 2012; Foster et al., 2009 ) have been reported in Arctic sea ice and sea water (Díez et al., 2012) . CH 4 is predominantly produced or consumed biologically via methanogenesis (anaerobic organic matter respiration) and methanotrophy (aerobic methane oxidation), respectively (Reeburgh, 2007) . Local methanogenesis in oxygenated waters has been suggested, known as the "methane paradox" (Lamontagne et al., 1973) . Karl and Tilbrook (1994) found that methanogens living in association with zooplankton and fish fecal pellets, as well as other particulate matter, may resolve this paradox. More recently, CH 4 formation was reported to proceed the metabolism of organic methyl-compounds of methylotrophs, such as methylphosphonate (MPn) (Karl et al., 2008) , dimethylsulfoniopropionate (DMSP) (Damm et al., 2010) , and dimethylsulphide (DMS) (Florez-Leiva et al., 2013) . Other geological/thermogenic production processes, such as CH 4 hydrates in continental margin sediments, mud volcanoes, and cold seeps, could also be responsible for CH 4 release, as is the case in the Arctic Ocean, which has been the focus of scientific interest in previous decades (Westbrook et al., 2009; Shakhova et al., 2010; Smith et al., 2014) .
This research presents the spatial distribution of N 2 O, CH 4 and total dimethylsulfoniopropionate (DMSP t ) along with other oceanographic variables collected along a South-North transect (SNT) during the LOMROG III cruise in the ice-covered Arctic Ocean, down to 4300 m depth. This study provides an essential baseline for future research in marine Polar Regions.
Materials and methods
Sampling was conducted in the ice-covered Arctic Ocean (Fig. 1) during the summer period (August-September 2012), onboard the Swedish Icebreaker Oden, along the Eurasian Basin. The transect was sampled from 82.19°N, 8.75°E to 89.26°N, 58 .84°W crossing the deepest waters of the Arctic Ocean (ST 12, 11, 1, 10, 9, 8, 2, 3, 4, 5) . The transect was performed across the Nansen-Gakkel Ridge from the Nansen Basin to the Amundsen Basin, between the surface (10 m) and 4300 m depth. All sample stations (except ST 12) were covered with sea ice. Hydrographic variables (temperature and salinity) were determined at sampling stations using a SBE911 plus CTD-rosette system. Water samples between 10 and 4300 m depth, including 8-16 intermediate depths, were collected with a CTD-rosette sampler equipped with 24 Niskin Bottles. Sampling for gases was carried out directly from 12 L Niskin bottles. Water samples for CH 4 (triplicate) and N 2 O (triplicate) analyses were taken in 20 mL glass vials and poisoned with HgCl 2 (50 µL of saturated HgCl 2 ). Subsequently, the vials were sealed with a butyl-rubber septum and an aluminum cap, to avoid the formation of bubbles, and stored in darkness at room temperature until laboratory analysis. N 2 O and CH 4 concentrations were analyzed by creating 5 mL of ultra-pure Helium headspace, followed by equilibration in the vial, and then quantified with a gas chromatograph. In the case of N 2 O, a Shimadzu 17 A GC was used with an electron capture detector (ECD) maintained at 350°C, and a capillary column operated at 60°C. CH 4 was measured in a Varian 3380 GC, with flame ionization detector (FID), at 250°C through a capillary column GS-Q in an oven at 30°C. These instruments were connected to an autosampler device (Farías et al., 2009) . A calibration curve was made with three standard concentrations for N 2 O (0.1, 0.5 and 1 ppm, by Scotty Standards) and dry air, and with three standard concentrations for CH 4 (1, 5 and 10 ppm, by Scotty Standards) and dry air. Both detectors linearly responded to these concentration ranges and the analytical error for the N 2 O and CH 4 measurements for this study was about 3% and 5%, respectively. Uncertainty from the measurements was calculated using the standard deviation of the triplicate measurements by depth. Samples with a variation coefficient above 10% were not taken into account for the gas database. Nutrient measurements (NO 3 -, NO 2 -and PO 4 3-) were performed in an automatic SEAL AA3 Autoanalyser (analytical error lower than 3%). DMSP t was measured only in the first 100 m depth. The samples were directly collected from Niskin bottles as unfiltered seawater samples, then preserved with ultrapure H 2 SO 4 and stored in darkness in 50 mL polycarbonate bottles until their return to the laboratory (AWI-Germany) for further analysis. DMSP sub-samples (3 mL) were pipetted into 14 mL glass serum vials, treated with 1 mL of 5N NaOH and quickly sealed with Teflon-faced butyl rubber septa. Subsequent to alkaline cleavage, DMSP subsamples were analyzed as DMS (Kiene and Slezak, 2006) . The released DMS was purged into a cryo trap and quantified with a gas chromatograph (Varian 450) equipped with a Chromosil 330 column and a pulsed flame photometric detector (PFPD) The oven temperature was 100°C and helium was used as the purge and carrier gas.
Results
The distributions of oceanographic variables, including gases, were analyzed taking into consideration known water mass distribution and spatial physical gradients from Svalbard Island to Lomonosov Ridge. The SNT crossed the Nansen-Gakkel Ridge which separates the Nansen and the Amundsen Basins (Fig. 1) . Profiles of oceanographic variables were grouped into three depth ranges, according water mass distribution; 1.-between the surface and 100 m depth (Polar Mixed Layer and halocline), with strong physical and biological gradients; 2.-from 100 to 900 m depth (Atlantic Intermediate Water); and 3.-from 900 to 4300 m depth (Arctic Deep Water). θS curves (Fig. 2 ) and vertical profiles of potential temperature and salinity (Fig. 3) support the described layering. , respectively. The lowest values were found within the PML and then increased with depth. ST 12 (the station with no ice cover) presented differences with respect to the other sampled stations, with the highest temperature (3.5°C) and salinity (35.1) values recorded along the transect, and with the greatest influence from Atlantic derived waters (Adw).
Physical variable distribution according to water mass distribution
Vertical profiles of these variables along the SNT are shown in Fig. 3a . A highly stratified water column between the surface and 100 m depth was observed, a condition that hinders mixing and slows the exchange of nutrients and gases between the surface and the Atlantic Intermediate Water (AIW). In addition, differences between the Nansen and Amundsen Basins were found in terms of potential temperature and salinity, as seen in Fig. 3a . The stations closer to the south (Nansen Basin) were saltier and warmer, in contrast with the northern stations (Amundsen Basin), with fresher and colder waters.
In the AIW (100-900 m), the potential temperature and salinity varied widely from zero to 3.5°C and 34.2 to 35.1, respectively. In this part of the water column, a warm (up to 3.5°C), highly-saline (35.1) and dense (27.6−28.0 kg m −3 ) water mass was found (Fig. 2) . This feature is shown in Fig. 3b . This reveals that AIW enters the Arctic Ocean through the Barents Sea and the Fram Strait, the only passage which allows deep water exchange (Jones et al., 1995) . Contrary, ADW (900-4300 m) is characterized by a homogenous layer with densities between 32.7 and 32.8 kg m −3 (Fig. 2) . Potential temperature and salinity profiles ( Fig. 3c) showed temperatures between −0.7 and −0.2°C, and salinities between 34.8 and 34.9. between 10 and 60 m depth towards the southern end of the transect (ST 11 and ST 12 within Nansen Basin). At the surface, the N/P ratio remained similar in both basins (Fig. 4d) , where values as low as < 2.5 were observed between 0 and 40 m depth, and then increased with depth. However, the expected Redfield ratio (16/1) was never reached, supporting the previously mentioned P-excess. In addition, concentrations of DMSP t (Fig. 4e) (42-111% saturation, relative to the atmospheric concentration). N 2 O distribution showed a slight oversaturation of up to 111% in the Amundsen Basin, whereas under-saturated waters at around 50-70% were present in the Nansen Basin. Below the PML, N 2 O values remained fairly constant throughout the water column up to 100 m depth, with levels between under-saturation (40-90%) and at equilibrium with the atmosphere (100%). In contrast, CH 4 strongly fluctuated between 1.0 and 23.9 nmol L −1 (27-649% saturation) in the PML and the halocline (Fig. 4g ). CH 4 oversaturation was primarily observed within the first 100 m depth, except for some stations where levels were almost in equilibrium with the atmosphere. (slightly saturated), respectively. This is similar to the levels found in surface waters, which were similar in both basins, except at ST 9 and ST 10 (Nansen Basin) where values as low as 68% saturation were found. CH 4 concentration and saturation levels ( Fig. 5f ) varied between 1.0-11.1 nmol L −1 and 29-329%, respectively, which is lower than the values observed in the surface waters. The Amundsen Basin remained under-saturated in CH 4 (30-90%) and the Nansen Basin was saturated by up to 250%. , except for ST 1, where lower PO 4 3-concentrations were found (~1.2 µmol L −1 below 1500 m depth, Fig. 6c ). The N/P ratio (Fig. 6d) exhibits different values in both basins, with higher values in the Amundsen (between 10.0 and 12.5) compared to the Nansen Basin ( < 10). N 2 O concentrations (Fig. 6e) ranged between 8.0 and 16.1 nmol L −1 (52-106% saturation in relation to the atmospheric equilibrium concentration), similar to PML, the halocline and AIW. N 2 O distribution in both basins was homogenous and values remained slightly under-saturated (80-90%) in the water column up to 4300 m depth. In contrast, CH 4 (Fig. 6f ) fluctuated sharply between 1 and 11.8 nmol L −1 (28%-340% saturation), which are lower concentrations than in PML and the halocline. CH 4 oversaturation (as high as 340%) occurred mostly up to 4300 m depth, except for ST 5 (50% saturation below 2000 m) and ST 2 (51-100%) in the Amundsen Basin.
Biogeochemical variables according to water mass distribution

Discussion
Regional settings
The water column was highly stratified between the surface and 100 m depth (PML and halocline), a feature that hinders mixing and slows the exchange of nutrients and gases between the surface and the underlying water masses. Low salinities at the surface immediately below the sea ice cap may be a consequence of several processes, including sea ice melting cycles; inflow of water from the Pacific Ocean via the Bering Strait, which is fresher than the North Atlantic waters (Jones et al., 2008) ; and continental runoff primarily from the Siberian shelves (Björk et al., 2002) . In our study, the halocline caused pronounced stratification, which varied due to the thaw-freeze cycle of sea ice and important freshwater inputs (Carmack and Wassmann, 2006) . The PML and halocline formed a strong physical barrier in the water column, capable of insulating surface ice cover from subsurface layers by limiting upward heat flux (Aagaard and Carmack, 1989) . The formation of sea ice over the continental shelf produces cold, brineenriched waters that flow off the shelf into the central regions of the Arctic Ocean, resulting in a cold and saline halocline (Aagaard et al., 1981; Rudels et al., 1996) . This is maintained by large-scale lateral advection from certain sections of the broad continental shelf which borders the Polar Basin (Aagaard et al., 1981) . Differences in temperature and salinity were observed at the PML and halocline between the Nansen and Amundsen Basins, as shown in Fig. 3a . The stations closer to the north (Amundsen Basin) were fresher and colder, in contrast with the southern stations (Nansen Basin), which were saltier and warmer. The latter could be due to the influence of Pacific derived waters (Pdw) from the north (0-50 m) and Adw from the south (Jones et al., 2003) . The influence of Adw is clearly shown at ST 12 (Fig. 3a) . This water mass enters through the Fram Strait (between Greenland and Svalbard) and through the Barents Sea, as previously reported by Jones (2001) and Rudels et al. (2013) .
In addition, the observed differences in oceanographic features of AIW and ADW between the Nansen and Amundsen Basins (see Fig. 3b ; c) were propagated by long residence times due to restricted circulation and exchange within the Eurasian Basin. In effect, AIW enters the Arctic Ocean through the Barents Sea and the Fram Strait, which are the only passages that allow the exchange of deep water in this region (Jones et al., 1995) . The overturning of the intermediate and deep waters in the Arctic Ocean play a key role in global circulation and climate moderation (Swift et al., 1983) , and strongly influence the water mass structure in terms of nutrients and gases distributions, as revealed in this study.
Distribution of biogeochemical variables
PML and halocline
Vertical nutrient distribution showed a consistent pattern, in agreement with biological consumption and remineralization, and advection processes in the study area. Nutrient depletion near the surface is observed during each summer period, when the light limitation decreases and the sea ice breaks up, allowing phytoplankton blooms to spread along the base of the sea ice (Arrigo et al., 2012) . Remarkably, surface N/P ratios were low in both basins and never reached the expected Redfield ratio (16/1) (Fig. 4d) . In effect, NO 3 -became limiting before the exhaustion of PO 4 3-, indicating the existence of previously mentioned P-excess in the system (YamamotoKawai et al., 2006; Hawkings et al., 2016) . One of the most plausible origins of this PO 4 3-excess is the glaciers from Greenland. The physical erosion of bedrock exposes ground apatite to biogeochemical weathering ultimately liberating PO 4 3-to the Arctic Ocean. Hawkings et al. (2016) suggested that the Greenland Ice Sheets are the region of most efficient P weathering and export of PO 4 3-to surrounding regions, and that the export of dissolved phosphorous could equal that of the largest rivers in the world, like the Mississippi and the Amazon. In this study, the N/P ratio was strongly modified in the surface waters. This is likely to have been induced by a shift from new to regenerated production (Damm et al., 2015) , as melting sea ice is known to release NH 4 + , alleviating NO 3 -limitation (Tovar-Sánchez et al., 2010) . During the sea ice melting season, light penetration strongly decreases due to sinking particles and microalgae released from the sea ice (Mundy et al., 2005) . This pattern may stimulate bacteria/archaea activity (Galindo et al., 2014) . High surface CH 4 saturation was identified at almost all sample stations down to 100 m depth (Fig. 4g) , indicating a strong potential for CH 4 production in these water masses, and for CH 4 effluxes that Deep-Sea Research I 117 (2016) 84-94 could occur if the sea ice retreat continues at current rates. Interestingly, several surface stations (ST 4, 5, 8 and 1) displayed CH 4 saturation levels as high as 650%. Although it remains unclear at present how CH 4 is formed in sea ice, it is possible that CH 4 could be produced via the methylotrophic pathway mediated by methylated compounds (Schäfer, 2007; Sun et al., 2011) . One candidate for methylated compounds is DMSP and/or DMS, as indicated in the surface water by Damm et al. (2010) and Florez-Leiva et al. (2013) . This assumption is supported by the extensive production of DMSP, a precursor for CH 4 production, which is produced as an osmolyte, or cryoprotectant by sea ice algae during primary production in the sea ice (Kirst et al., 1991; Levasseur et al., 1994) . DMSP t concentrations under the sea ice in the Nansen Basin are higher than in the Amundsen Basin (Fig. 4e) , and the same pattern is observed for CH 4 . This may suggest that the microalgal activities involved in DMSP cycling at the base of the sea ice may be linked with CH 4 generation. Oceanic surface waters are systematically supersaturated with CH 4 , once known as the methane paradox (Lamontagne et al., 1973) . This situation persists in Open Ocean far away of anoxic sediments, where anaerobic organic matter respiration and CH 4 formation are expected (methanogenesis). However, suspended particles, zooplankton biomass and freshly defecated fecal pellets have been examined as possible sources for CH 4 production in oxygenated seawater (Karl and Tillbrook, 1994; Marty et al., 2001; Karl et al., 2008) . Some studies have shown the presence of methanogenic microorganisms in these particles and have suggested that methanogenic activity originates in the digestive tracts of zooplankton and in fecal pellets. Below the ice pack, subsurface peaks of phytoplankton biomass persist, called the subsurface chlorophyll maxima (Arrigo et al., 2011) , which has recently been described as an important site for predator-prey interactions (Scott et al., 2010) . Thus, the existence of an abundant and active zooplankton community (including protozooplankton), and therefore pellet production (Hirche and Mumm, 1992; Morata and Seuthe, 2014) , may also support anaerobic methanogenesis, playing a critical role in trophic coupling. With regards to N 2 O levels, this gas showed a wide range of concentrations from under-saturation to light oversaturation in surface waters (see Fig. 4f ). It is likely that this is produced by nitrifying activity since nitrification is an ubiquitous process that occurs in all oceans, even in cold and nutrient depleted Arctic waters (Shiozaki et al., 2016) and Antarctic coastal waters (Tolar et al., 2016) . Therefore, active nitrification mediated by microbes under the sea ice could be occurring, oxidizing NH 4 + and producing N 2 O as a byproduct of this reaction, especially bearing in mind that sea ice melt can release NH 4 + (Tovar-Sánchez et al., 2010) . Indeed, previous experiments in the coastal Arctic Ocean have shown the presence of ammonia-oxidizing Betaproteobacteria and Crenarchaea, and potentially high nitrification rates with higher values in the winter compared with the summer, due to competition with phytoplankton for NH 4 + concentrations (Christman et al., 2011) .
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Under-saturation of N 2 O may result from water intrusions from sea ice melt (with a low gas content), that dilutes the surrounding water mass. This pattern has been previously reported in the Arctic Ocean (Kitidis et al., 2010; Randall et al., 2012) , and is subsequently affected by mixing processes and water mass circulation. Under-saturation of N 2 O has also been described in the Bering Sea and the Indian Sector of the Southern Ocean (Chen et al., 2014; Farías et al., 2015) . However, physical processes are probably not the only processes producing those very under-saturated levels. Canonical denitrification consumes N 2 O during its dissimilative reduction to N 2 , but given that this pathway occurs at suboxic-anoxic levels (Bange et al., 2010) it is precluded in oxygenated water, unless it takes place in suboxic-anoxic microsites (Klawonn et al., 2015) . We cannot discard that denitrification could take place at the base of the sea ice, especially considering the fact that during freezing periods, salts and gases (O 2 , N 2 O, CH 4 ) are expelled from sea ice and the low O 2 conditions generated may induce denitrification (Loose et al., 2009; Randall et al., 2012) . Little is known about N 2 O cycling in intermediate and deep waters, and it is presumed to be negligible in the Arctic Ocean (by nitrification and denitrification) according to indirect estimates (Freing et al., 2012) . In recent years, it has become apparent that nitrogen fixation is not restricted to the (sub) tropical and oligotrophic marine regions, but that there is also potential for diazotrophic activity in Arctic waters (Díez et al., 2012) . Also, the diazotrophic community may be dominated by heterotrophic bacteria (Farnelid et al., 2011 (Farnelid et al., , 2013 Moisander et al., 2014; Bentzon-Tilia et al., 2015) . In this study, significant N 2 and N 2 O fixation rates were determined in surface waters and in ice brine during the same expedition cruise. , respectively (Snoeijs unpublished data). The 15 N-N 2 experiments were also positive at most of the sampling stations, indicating new input of N into the system, which may support the hypothesis that N 2 fixation is an extremely versatile process, being led by both autotrophic (Cyanobacteria) and heterotrophic bacteria in Arctic Ocean brine and seawater. Thus, the existence of N-fixing microorganisms in this marine region may have an effect on the N 2 O inventory, which could be used as an alternative substrate, as suggested by Farías et al. (2013) . Microorganisms that carry out biological N 2 O fixation could produce N 2 O depletion and simultaneous under-saturation in these marine environments. Thus, N 2 O depletion in the Arctic might partially be explained by N-fixation, which has been suggested in Arctic surface waters; biological N 2 O fixation offers a very plausible explanation, given the observed N/P ratio, and could be stimulated when NO 3 -is limiting but PO 4 3-is not (Jones et al., 2003) .
AIW and ADW
In terms of the physical processes in intermediate and deep waters, the long residence times of water in the Eurasian Basin is due to the highly restricted exchange of water with the surrounding oceans (Rudels et al., 2013) . Also, the Fram Strait has a sill depth of 2500 m, so Arctic Bottom Water from the Eurasian Basin has an isolation age of 250 years (Schlosser et al., 1997) . These mechanisms should strongly modify the distribution of greenhouse gases and nutrients in the EAB. In fact, waters from the Amundsen Basin are older than those of the Nansen Basin as a result of this physical mechanism. This was also taken into account when N 2 O saturation was estimated with the atmospheric preindustrial value of 270 ppb (Battle et al., 1996) . N 2 O under-saturation level still remains, especially in the Amundsen Basin with 13-15% difference between current and preindustrial times. The Amundsen Basin has more nutrient content produced by the remineralization of organic matter and N/P values are closer to the expected Redfield ratio (Figs. 5 and 6), and also reach lower gas concentrations probably associated with some biogenic consumption.
Differences in the distributions and concentrations of CH 4 were also observed in both basins, with CH 4 under-saturation (28-100%) in the Amundsen Basin and oversaturation in the Nansen Basin ( > 100%). Potentially, part of the CH 4 oversaturation in AIW and ADW in the Nansen Basin comes from cold seeps in the subsurface layers of the continental margin of Svalbard (Westbrook et al., 2009; Steinle et al., 2015) . There is evidence for most of this gas coming from thermogenic sources in the Vestnesa Ridge (Fram Strait) in the form of gas-hydrates (Smith et al., 2014) . This ecosystem in known to contains large amounts of CH 4 in the form of solid gas hydrates, gaseous reservoirs or dissolved gas in pore waters (Wallmann et al., 2012) , which may ascend from the sea floor and be available to anaerobic and aerobic methanotrophic microbes (Knittel and Boetius, 2009; Boetius and Wenzhöfer, 2013) . In contrast, the low levels of CH 4 found in the Amundsen Basin may be related to CH 4 oxidation through methanotrophic activity. In fact, Heintz et al. (2012) showed that methane oxidation rates below 700 m in the Santa Monica Basin were between 0.12 and 1.35 nmol L −1 d −1
. Aerobic CH 4 oxidation is known to be performed by methanotrophic bacteria (MOB), typically belonging to the Gamma-(type I) or Alphaproteobacteria (type II) (Hanson and Hanson, 1996; Murrell, 2010) . The metabolic activity of these microorganisms may therefore cause CH 4 under-saturation in the Amundsen Basin. Indeed, molecular analyses derived from 16S itags Illumina sequencing, from surface ice brine and seawater underneath the sea ice, during the same cruise, revealed that Gammaproteobacteria Methylococcus capsulatu was the most abundant methanotroph in this region (Díez, unpublished data) . CH 4 under-saturation has been previously described in intermediate and deep waters of the northern Atlantic (Scranton and Brewer, 1978) and in Baffin Bay Deep Water, in which the authors found CH 4 concentrations as low as 0.20 nmol L −1 (6% saturation) and they attributed those low levels to microbial oxidation (Punshon et al., 2014) . In this study, CH 4 levels are also coincident with the increasingly restricted circulation of bottom waters in the Eurasian Basin.
Due to the direct connection between the EAB and the North Atlantic Ocean via the Fram Strait, we propose that part of the gas content is likely to come from intermediate and deep waters. N 2 O distribution in intermediate and deep waters is poorly known (no data have been reported so far to the best of our knowledge), so any processes involved in N 2 O cycling are merely speculative. In spite of the lack information on the N 2 O distribution, Atlantic Meridional Transect (AMT) programme (from UK) has allowed the measurement and collection of N 2 O between 50°N and 52°S. This transect crossed a total of 7 biogeographical provinces defined by Longhurst (1998) , being the North Atlantic Drift (NADR, 44-58°N) the closest province to the Arctic Ocean (Eurasian Basin). N 2 O levels in this province have been reported to be lightly under-saturated with values of 98% saturation and around 7.6 nmol L −1 in the mixing layer (Forster et al., 2009 ).
Finally, it may be possible that water masses forming in this area are deplete in N 2 O which in turn influences N 2 O content of the EAB (Freing et al., 2012) . However, N 2 O under-saturation as low as 52% has been registered. Biological processes promoting that N 2 O under-saturation could be associated with denitrification or N 2 O fixation as was mentioned. In contrast to the surface layer, neither N 2 O nor N 2 fixation was measured in the AIW or ADW, so the existence of these processes cannot be supported. Total denitrification was not measured in the Eurasian Basin, but given that the AIW and ADW are oxygenated, this process would only be possible in sediments or in microsites (particles).
Concluding remarks
The heterogeneous distribution of greenhouse gases and DMSP t was observed in the PML and the halocline of the Arctic Ocean, revealing a strong oversaturation of CH 4 (120-649%) and high DMSP t levels (up to 58.9 nmol L −1 ), particularly in the Nansen Basin; while N 2 O displayed sub-to slightly saturated conditions 90-111%) along the SNT. In the AIW, N 2 O remained variable but with low concentrations (70-110%); whereas CH 4 presented oversaturation levels (up to 330%) in the Nansen Basin, but strong under-saturation (30% saturation) in the Amundsen Basin. In AIW and ADW, N 2 O show slightly oversaturated levels in Amundsen Basin, but under-saturated levels in Nansen Basin in contrast to CH 4 , that show strongly oversaturated levels in Nansen Basin but under-saturated levels in Amundsen Basin possibly attributed to the effect of overturning water mass circulation. Two important aspects must be considered when observing greenhouse gas content in cold waters: in the surface layer, the freezing-melting cycles and biological effects are crucial for vertical and spatial gas distribution; and in intermediate and deep waters, the residence times of deep water circulation and thermogenic processes may determine the concentrations of these climatically active gases. Nutrient concentrations increased with water depth, reaching N/P values of around 12.5 (lower than expected according to the Redfield ratio), indicating the remineralization of organic matter. The N/P ratio differed between the basins, with higher levels in the Amundsen compared with the Nansen Basin, according to the age of the water masses. This research reports greenhouse gas distribution in PML and halocline, as well as AIW and ADW, and is one of the first known publications on this subject. This study is particularly relevant because Arctic sea ice cover is decreasing at a faster rate than previously forecast. In fact, during 2012 when the LOMROG III cruise took place, Arctic sea ice extent had dropped to a new record low, twice as low as the 1979-2000 minimum average, covering only 3.39 million km 2 .
Investigating the potential biogeochemical consequences of this is therefore of vital importance.
